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oral input water loads on solute and water distribution throughout 
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I. INTRODUCTION 




MHthemutical mudelinK of varioua body functions is a relatively new 
area of scientific endeavor, dating back only about thirty years. The 
field of mudelini^ of physioloRic processes is interdisciplinary requir- 
ing ex(>ertise from diverse disciplines for its success. By its very 
nature, this type of modeling requires considerable pooling of knowledge 
from applied mathematics, chemistry and physiology. It is all too often 
tr »e that experts in the area of physical science and experts in the area 
of life science have little in common that permits them to contribute 
meaningfully to the same research project. What is superficial or even 
trivial for one group may be abstruse for the other. It is only through 
a mutual understanding of the strengd-hs and weaknesses of each group that 
work in the area of physiological modeling can oear fruit. 

This simple model of fluid and electrolyte balance in the human system 
has been prepared in the hope that it will foster such mutual understemding 
between those developing models and those ultimately using similar models. 
The present model, a modification of a basic model ^ of the subsystems 

regiilating fluid and electrolyte balance, allows one to follow the changes 
in the body accompanying oral ingestion of water. This dynamic model is 
able to qualitatively predict the changes in twenty-three variables for 
an average man after varied oral input loads. It is hoped that personnel 
not familiar with models may learn by actual usage what to expect from 
simple models and perhaps how to improve them. 

II. TIIE MODEL 

The model for fluid and electrolyte balamce is a modification of an 

1 

earlier developed model . This model is basically a three compartment 

T 

Superscript refers to Thble of References at end of report. 
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model, the three compartments being the plasma, interstitial fluid and 
cellular fluid. Sodium, potassium, chloride and urea are the only 
major solutes considered explicitly. The control of body water and 
electrolyte distribution is affected via drinking and hormone levels. 
Basically, the model follows the effect of various oral input water loads 
on solute and water distribution throughout the body. Figure 1 gives a 
flow diagram for the model. 

Solute Distribution and Flow 

The processes which govern water and solute flow between various com- 

2,3 

partments are diffusion, osmosis and ultrafiltration . The normal 
ocmolarlty of the body fluid, Oj, is taken to be 300 rno.-^mols/l and the 
normal total body wat.'ir, V^, is taken as Uo 1. Initial amounts of solutes 
present are (in nosmols): 

0 ^ ■ 5200, » 22k, » bk2k, * 200 and ^ » 952 wtiere NA ■ sodium, 

K = potassium, CL » chloride, U ■ urea, and S » other solutes. It is 
assvuned that initially the total solute is evenly distributed throughout 
the body and that the amount of solute in the cells does not change with 
time. 

The solute loss rate through the feces, L^, is assumed constant at 
O.Oj mosmols/min and similarly the solute loss rate from the lungs emd 
skin, Lj, is taken as constant at 0.1 mosmols/min. The gain rates of the 
various solutes (from metabolism) are taken as constant and are (mosmols/ 
min): 

Ana “ 0-206. A,^ = O.OU2 U, Aq^ = O. 2U8, Au * 0.376, and Ag = 0.0h03. All 
solutes are assumed to enter the system through the plasma and diffuse 
into the interstitial space. Losses occur through the urine, feces, lungs 


and skin. 
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Th« material be lance equations for the totad solute in the plasma an>1 
Interstitial spaces eire (the cells are assumed to have a fixed quantity 
of solute): 

d Qp ■ Ap - Lp (l) 

dt 


and 


T T 

— ‘^ISF ■ ^ISF " ^SF 
dt 


( 2 ) 


T T 

where Aj and LJ represent total solute gain and loss rates from the rele- 


vant compartments. These gain and loss rates are (mosmols/mln): 


Ap 

4 




'ISF 


Lp^^ * hj* 

aP 

^ISF’ 


and 


hsF * hsF * h' 


(3) 

(U) 

(5) 

(6) 


The diffusive gain rate of solute by the plasma from the interstitial 
ISF 

space, Ap , is taken as zero. The diffusive loss of solute from the 

JSF 

plasma tc the interstitial space, Lp , is givei by the Fick's law result 
ISF 

Lp » k^ (Op - Ojgp) (7) 

where represents the osmolar concentration of solutes in the plasma 
or interstitial space. The gain rate of solute by the interstitial space 
is taken to be the same as the loss rate of solute by the plasma to the 
interstitial space, since the cells do not lose solute in this model. Thus 


ISF 


;f ~ ^ 


ISF 


(8) 


Similarly the loss rate Ljgp is assumed to be the same as the gain rate 


which is zero. Note that Ap = 0.913 and L^gp =0.1 mosmols/min. 
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The total urinary loss rate of solute is given by the sum of the loss 
rates for the individual species considered. Thus 

^ " ^NA * ^CL ^ ♦ ^8 ^9) 

where Ij^ is the 'orinary loss rate of species i. The assunptlon Is made 

that Ig is constant 

Ig ■ 0.03 mosmols/l. (lO) 

Sodium and potassium loss rates are assumed to be controlled by the 
aldosterone level in the plasma. An additional controlling factor for 
sodium Is the body level of sodium. Note that potassium level does not 
Influence potassium loss directly. It does have an indirect Influence by 
affecting aldosterone production. Hence 

lltt ■ «1 <4 - 

T 

where and Mg are constants and Oj^ is the osmolar ity of sodium in the 
body, 0^ ■ ^NA , and is the aldosterone level (in the plasma). For 

li/i 1 r 

Vt 

potassium loss 

Ik - «3 0* (12) 

where is constant. Loss of chloride is taken as passive loss caused 
by charge balance 

^CL “ ^NA ^13) 

Urea loss rate is assiuned to depend on the osmolarity of urea In the body 
and the urinary excretion rate of water. The relationship used is 

lu = ki I 1 + kg (1 - e"*^3 ^P) I (\j (lU) 

where Oy is the osmolatrity of urea in the body, Oj, = and Apis the 
urinary excretion rate of water (discussed in Section III). 

Material balance is required for the individual solutes just ac for 
the total solute. The relevant equations are 
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d SlA - ^NA - Na - (Lj. + Lj) S«A , 

dt <ij, 

^L " '^CL ■ ^CL ' 

I, Si-\* 'u- S;' 


and 


I, <^ ■ *s - Is - f^r •%> S , 

S’ 

where Is the total amount of solute In the body. 


(15) 

( 16 ) 

(17) 

( 18 ) 
(19) 


o’ater Distribution and Flow 

Oral water ingestion Is simulated via a two- compartment system which 
delays the entrance of water into the plasma. Tbe two compartments, the 
stomach and Intestines, are simply reservoirs from which water flows into 
the plasma. Wius 

■ '•l - ''s 

dt 


and 



12 G 


( 21 ) 


where is the water volume in compartment 1 (S •* stomach, G = gut) and 
r^ is the input flow rate of water. 'Ibis input flow rate is due to saliva- 
tion and drinking, with drinking occurring only once at time T^. Saliva- 
tion is considered constant at 0.6U ml/min. 

From the intestine water flows into the plasma. The assumption is 
made that the red cell volume is constant. The plasma is in direct contact 


with the interstitial space and water flow may also occur because of 
metabolism, urinary loss and fecal loss. ITie relevant flow equation is 


7 


dV 

P 

W 


THF 


♦ a” - - X" - 


(22) 


where a|, represents a gain rate of water by the plasma from 1 and X^ 
represents a corresponding loss rate. Tbe superscripts have the meanings: 
0: gut, ISF: interstitial fluid, M: metabolism, U: urine, F: feces. Tbe 
metabolic rate of volune gain is considered constant (l.O ml/mln) as is 
the fecal loss rate (O.l ml/mln). Tbe gain rate from the intestines Is 
.0 


- “iP '^0 


(?3) 


Water flow between the plasma and Interstitial space Is assumed to occur 

by lymph flow and by filtration at the arterial end and reabsorption at 

3 L 

the venous end. Tbe lymph flow rate is taken as constant, ■ 1.7 ml/mln. 


and the flow into the plasma from the Interstitial space Is thus 


■ -r * -13 - ’’v • " 


where k, ^ is comtant, P 

13 ISF 


p "ISF 

is the hydrostatic pressure of the interstitial 


space, Py Is the venous capillary hydrostatic pressure, is the plasma 
colloid osmotic pressure and Is the interstitial space colloid osmotic 

pressure. Similarly filtration Is given by: 


^P ' '^lU “ ^ISF "iSF ’ '^P^ 


(25) 


where k is assumed to equal k and P is the arterial capillary hydro- 
14 13 A 

static pressure. P Is considered to vary linearly with the total blood 
A 


volume (red cell volume plus plasma voltane) 


P » k V 
A 15 B 


( 26 ) 


where ■ Vp + with V^, the volume of the red cells, fixed at 2.0 1. 


P - k V . 
V 16 B 


( 27 ) 
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^ISF taken to be nomally nep;ative cuid is assumed to vary linearly 
vlth the volume of the interstitial spac* 

^ISP ■ ^ISF **17 ^^ISF " ^ISF^ 

where P'i„~ ■ -7 mm Hg and V°_ ■ 12000 ml. The interstitial oncotic 
ISF ISF 

pressure, is taken as constant (U.3 nn Hg), but the plasma oncotic 

pressure, *p, is assumed to depend linearly on the plasma protein concentra- 
tion 

”P - X/Vp (29) 

where X is related to the omcnuit of plasma protein. X is initially taken 
to be constant but whenever drops below 26 ntn Hg (by Vp increasing) 
protein is produced at a fixed rate 

’3 “ **18 ^30) 

dt 

until fTp exceeds 26 ram Hg. 

The urinary loss rate of water from the plaaraa, Ap, is assumed to 
depend on the vaiopressin (ADH) level in the plasma, (■ Qaj)hAp)* 

and on the rate of solute excretion. The ki<lney is assumed to have dif- 
ferent responses to ADH levels depending on past experiences. A sensitivity 
parameter Z is created with 

^ Z - Zj. (31) 

dt 


If Zj^ >0, the urine flow rate of water due to ADH effect is 






^20 + Cadh 


(32) 


but if Zj^ < 0 this rate increases to 


'P.l 


iq 


- z. 


(kpi ^ 


22 


). 


**2t> ^ADH 


k + P 
PO rADH 


(33) 
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Ttie raraaeter has a tlnn-delay aechanlsm 

Z]^(t) ■ * 1*23 Z(t*^) (3^) 

with 1 min. The total urinary loss raie of water is, taking solute 
excretion Into account 

* ^P,l * ^2k ^ ^35) 

where Ly Is given by Eqn. (9). 

For the interstitial space the analogue to Eqn. (22) is 

■ ‘*ISP“'^ISF“ ^ISF" ^ISF 

I b 


P P 

where a, Q.. is the gain rate in interstitial fluid from the plasma, x 

is the corresponding loss rate to the plasma, la the osmotic flow 

rate to the cells, and A^__ js the insensible loss rate through the skin 

ISF 

X P X SP 

and lungs. Ajgp is taken as constant (0.5 ml/min), » tuid 


,1SF 


The rate of volume flow due to osmotic flow to the cells 


"ISF P 
is given by Pick's law 

^ISF ^ ^°ICF ‘^ISF^ 

where Oj represents the total osmolar ity of i in mosmols/l. 


(37) 


Aldosterone Production 

Aldosterone is assumed to bo produced via a renin, angiotensin, aldosterone 
mechanism sensitive to blood volume and potassitim level. All three of these 
substances are considered to be produced by similar means. For aldosterone 
the relevant expression Is 

iL ‘is “ ^ *^5 ^ ^4- ^38) 

dt Vp VT 

Qj represents the quantity of i (A ■ aldosterone, G ■ angiotensin, K » 

potassium, R « renin). For angiotensin the rate equation is 

^ (1(5 ok., ^ - k8 Qc. 
dt Vp 


( 39 ) 


for renin the production rate le taken as zero if the blood volume, Vg, 
exceeds 7000 ml. Otherwise 

■ S <“l • ''b) - “lO Or ('•0) 

Where ■ 7000 ml. 

Vasor’recflln (ADH) Prixluctlon 

The production of ADH is assumed to dei>end on the blood volusie and 
the plasma osmolarity. The time delay involved in ADH production is 
simulated by requiring; flow th»)ugh five hyi)othetical states between 
Initiation of production and flow into the plasma. The rate equations for 
these five states are 

“ *^(PadH ■ <il)» 
dt 

^ - K - ^) , 

dt 

^ • K (Qg - Q3) , 

dQj, - K (Q3 - 0^) , (*♦!) 

IT 

and 

- Qj. - 1^26 «^ADH 
dt 

where 

K - 8 

'*0 + C/yoji 

^ADH “ ‘^ADH/'^p 

The initial production rate, Paj)h* components 


PaDH “ ‘’1 * P2 


(42) 


« 
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* 


where la the production rate due to blood volume and P 2 la the produc- 
tion rate due to plasma osmolarlty. In both caaea p^ la taken as non- 
negative. The form of p^ la 

Pi - - K 29 exp (K^q (**3) 

where 



Tlio rate p^ has the form 

P2 " “31 ^ “32 ^2 ■ 

where 

A < ■ Op - 0^ (Q^ la the normal total body osmolarlty). 

III. NUMERICAL METHODS 

Moat of the equations of the preceding section are differential and 
require approximation if a numerical solution is to be obtained. With the 
exception of E<ins (20)and (21) which are solved exactly, all of the dif- 
ferential equations are solved by using Euler's method. Tills method has 
severe llmit.ations as to both accuiacy and stability, but it is a very 
simple method to u.ie and probably does not lead to serious error during 
the meaningl'ul time durations being examined by the model. The reoults, 
however, should be Interfireted qualitatively, not quantitatively. 

“nie general form of the differential equations encountered in section 
II Is 

IL y • <’(^*y) ('♦5) 

dt 

with some initial condition y(tg) specified. Euler's method generates 
y(tj) where * tg + h, with h being a fixed parameter called the step 
size. The function y is assumed analytic in the vicinity of to (y has a 
Maclaurln expansion) so that 


I? 


y (t^ ♦ h) ■ y (to) ♦ h y* (t ) ♦ y" (Iq) ♦ .... (U6) 

2 

and h i« asauaed aaall enoinf^ so that the teras beyond first order In h 
may be neKlecte<l. This gives 

y (to ♦ h) • y (tg) ♦ h y' (tp). (t*7) 

The Eqn (U 5 ) is used to calculate y* (to) 

y' (tp) ■ f (to. y(to>) (•♦8) 

and this Is used In Eqn (i«7) resulting in 

y (to ♦ h) • y (t^ ) ♦ h f(to, y (to)). (**9) 


This process Is repeated until y(t) is generated for the t desired. 

In this work h ■ 1 min. and the reported values of tlie y are at 10 
minute intervals. 

n . THE US ’, r, PK0GRA.M 

A Fortran IV version of this model is listed In Appendix A. This 
pro^Tan simulates the changes in levels of the twenty-three quanti ties 
listed In Table 1 when a {>erson of averai^e size consumes u quantity of water 
after having no oral water Intake for six hours. 

The user of the program may select as many as nine of the twenty-three 
quantities and have their levels printed out In column form at ten minute 
increments after consumption of the water (sixty minute increments before 
consumption). 

Tl>e program is presently designed to uce cards as the input mechanism 
and printed page (132 columns) as the output mechanism. Each data card 
should have an integer right .lustiflod in card column 5. The Integer in 
th.’ first data ca.' < tolls the quantity of water consumed (in ml 1 1 1 liters) . 


The integer in joliimn ^ of the second <iata card tells h«5w many ( f tnim I to 9) 
coliunr;;' of information are I'cquested. Then tliat number of data 'arris follows, 
one for each column of information requested, arranged In the order in which 


tne user wants the columns to be printed. Each of these remaining; data 
cards should have an integer from one to twenty-three right Justified 
to card column 3 together with any appropriate column heading (preferably 
centered) in columns 10 thru 17 for the quantity which that integer repre- 
sents, according to the list in Table 1. 

The output will consist of a statement of the quantity of water con- 
sumed followed by the column headings which the user selected (in the order 
in which the data cards are arranged) and the levels of these quemtities 
at ten minute increments after the water is consumed. TTie out.'mt may be 
considered accurate to at most three significant figures in spite of the 


fi.^es given. 


REFERENCES 


The basic mmlel was constructed by Thomas G. Cleaver of the University 
of Loui sville. 

P. H. Abbrecht, Compartments and Body Fluids > Biomed. Engrg. XX:l6l, 
1971. 

C. A. Widerhielm, Dynamics of Iranscapillary Fluid Exchange , Journal 
Gen. Physiol. 52:29s* l‘)68. 


APPENDIX A 


A Fortran IV Version of a Model vdilch Simulates Fluid 
and Electrolyte Balance in the Body. 
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AFTfcB FASTINr. Fuk <S MlJt'KS# THE SUBJECT CHNSU'^tS A CIVEN 
'U^NTITy i)» .VATfcK, S»»tCIFV THIS OHfM’TV | ,^ ML AS A*' 
IHlFr.fcO Hir,,«T JUSTnUr> IN CHLHMN a r.f THt FIKST pMA 
f At.’0, 

» M T«E f'LLJWlNb list Yilll MAY StItCT AS ’lAUY AS f.I't UF 
iHr Twt-' .(T y-THkFI gHANTITIES THAT YM» Ai E lNTr«ISTEF> IN. 
THr PhI^T rUT WILL CMNSI5T L)F A CJLU'AN UF THE INOePC'DFNT 
time VAUIAALF I.N TPN MINUIF iNCKEMri.TS AFTFK CONSUMPTION 
(60 min lurkEMEi^rs bfFORE CU^■S>>M^ T I UN ) EMLLnwtP BY 
columns np iHt I.^FJRHATIPN THAT YU'J KfOULST, I‘( THE i’kOEM 
IN -iHIfH t».>y AKF BtOUFSTEP# AT EACH TFN MINUTE 
IN''krMENT, ThF incut SHOULD Cl'NSIST RF A SLCRND DATA 
fAMD HAVifjr At4 INTfGIK F«i]m 1 TO 9 IN COLUMN 5 TELIIM& 

«UW many gi'ANTITItS YOU SELECT, FULLnwfD BY THAI 
iL'MttfK JF TATA CAK0S» FACH HAVING AN 1 JTEOFR ERUM 1 
fU <ir.HT JUSTIFIED IN COLUMN S TuC-ETHEK WITH ANY 
..PPk'IPRIATF CULUMh heaping (PRiFFRAkLY CENTERED) IN 
lULUMNS Ij thru 17 FOR THE Ol'ANTITY UHICO THAT INTEGFR 
•E'»kFsr.,Ts, ACnjtxCINC. TO THE Fl’LLOi^ING LIST; 

1 - V IL itF aATeR in stomach 

2 - V'lL ilF water in intestines 

T - Y”L uC WATE« IN PLASMA 

A - V’L OF WATER IN INTERSTITIAL FLUID 

S - VOL uF wATtK IN CELL FLUID 

tj - tttal water v'ilu.mi: in plasma, inttrstmial SPACF, 

And cells 

7 - ratf tf proi<ucttijn of UPIME 
rt - T”TAl soluu in plasma 
N - T.'TAl SniUTF in INTFRSTITIAL FLUID 
lU - I HAL SOLUIES IM PLASMA, INTERSTITIAL SPACE# 

and cells 

11 - RATE I’F PHOi'UCTlON OF SOLUTES IN URlNF 

12 - AO ( 

13 - RffiliY 

lA - angiotensin 

15 - aldosterune 

16 - SODIJM LilSS 

17 - POTASSIUM LUSS 
IH - CHLURIDP loss 

19 - uhea toss 

20 - PLASMA iJSMULARlTY 

?l - I MTER^iT I T I AL FLUID PSMDLARITY 
??. - CFLL fluid I'SDJLARITY 
23 - urine gSH.'ilaKITY 


C 

r. volume is gi'/ln in mi, tmf in minutes, amounts of soL'irr 

r in mill iriSMuLS, AHO OSMULAPITY in mill IUSMolS/L I Tep 

r 

THIS IS ThF PRiIGRAM FJR RGOY WAFER AND ELECTROLYTE 
IALANCE. variables and CuNSTAf IS UStO IN THIS PRUf-RAM 
DILL BF USFD ACCUKOING TP THF FQILOWlNC. EURMAT, 
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AL‘»HA9r.TIC VARUoLFS ANO CONSTANTS 
A - alo.jstfr Inf 
'• - RL ''•JO VOLUME 
f - CHL'jRlPt 

I' - HELTA T (Ti<E I*lTf crating T 1 rIF IME^ VAL) 
r - FRVTMRrCVTF VULU^*E 
F 

r. - ANCilirr ixsi t 

>4 . AOH 

I - CU''STA“TS related to CAPILl ARIFS 

J - filNSTAfTS related TQ CF L I - 1 NTE« S T I T I AL IMTERFAfF 
•< - PuTaSSIUM (rllLLinSMULS) 

L - constants related TfJ AfiM PRODUCT lU . 

' - constants related to ALOnSTEPOi.E PRDOUCTinM 

' - SIJDIUM ( *<1 LL lUSMDLS ) 

• - nS“3LAPnv (Oil LinSMf'LS/LlTER ) 

'* - DRF.SSUPF (MILLfMFTFPS PF MFkCURY) 
i - total SJLUTb (MILLIOSMPLS) 

R - RE'IN 

S - solute IiThFR TNAN NA, K, cl# U (NILLIDR^^OLS) 

T - time CPNSTANr Ok TIME (MlNS) 

'• - UREA C'lLLlUSrtOLS) 

'' - VULUMt (MILLlLITFRS) 

V - Constants related tu tme kiunev 
X - plasma pr^jTElN 

Y - CuJSTaMS HCLATINC URIN'E output Tl) UREA tiUTPUT 
Z - A •»eASI «E OF kidney SENSITIVITY TU A.)H 
SU‘*SC«f PTS 

i; - AVRACF# OfSIRFD UR WEFEPENCF VALJF 

1 - D/.n (TIME UFKIVATIVr ) 

2 - paternal input l)P OUTPUT 
1 - STmmAl'- 

A - INTfSTIMF 
•i - Plasma 

f, . interstitial fluid 
7 - CELL fluid 

M - URHF 

1 - 

•iP'LRC IS TmC MU-iBPR OF F'L. PF WATER CONSUMED. 

READ (S,?0D0) NUOLNC 
FURMAT( IS) 

VRITF (6»2D10) NDMLWC 

P|nMAT( 3 Ax# • AF Ttk fasting FUP 6 MUl">S# THE SUBJECT' 

*' CQMSOMtS * 1 S# 1X» 'ML OF WATE®,'/) 

VWf ■ VOLUME UF .tATEP CCJNS"MrO ■ N'lMLWC 
vwc»numlwc 

•vE AL LO»Ll# L2#L3 #LAxL 5#M1,M2#M3,MA#H5#M6#M7#M8#N3#K’#N2 
^EAL V( 167 ),0( l(37)#(l(D),N#K# I 1# 12# 1 3# I Sx 16/ J'K?/ 1 
’EAL R3<*#KA5 


C 


dimension CPL(P3)# ALPMA(9)# BITA('') 


f columns PF PiFriK^AT H n RFUUtSTEU 

OF AO (S,?20.n fJUr’EP 
220P FnHMAT(lb) 

r *«**««*««**«4I*»«* INITMLUr variables AnU f’EPINE CONSTANTS *• 

C **** 

(. 4 *** iMr su'ijEt^ Takes a prink pf watfr at time ts 
rs ■ 3^l. 

r**«* V(SO># v(6'^) AND V(7C) APfc THE NORMAL VALUFS [JF ThF 
r«««* plasma, InTLRSTITIAL fluid and CFLLS# (ESPFCTIVbLY IM 
f ACCURUI.>|C Tf] CUYTOVIS TEXTnUPK OF HbUICAL PHYSIOLOGY, 

r V(S0)«30P0, V(60)«12000, V(70)«25000# AND F-7000 Ml. 

f V(AO) ' ^2^0, 

/(SO. » 3000. 
r M{hO) • 13A00, 

V(KO) ■ 120UO, 
r V(70> » ?8000, 

V(70) » 2SOO0, 

”'0 IS ThF "0«"M USMOLARITV of buoy FLc IO in MOSMCl/L I ter 
'0 ■ 30'). 

V(70) IS normal TuTAL ropy WATFR 
/O0)bV(50)^V(<S0)^V(70) 

.} fs T'lt IfTEGRAiP'G I'lTFKVAL 1.4 MINUTfS 

0-1 . 

r **** /(23> IS the input wATFR LPAD 
r V(?3)«.6A 

f .6A l,F 'WATER ARF SwALLO^’EO IN SALIVA, 

w' A T E ■ , (, A 

r*«*<i I, K, r, A'.'D u ARE the total amounts uf the solutes na, 

K, CL AflP ORFA OISSClLVr-D I'l THE RUf'Y FLUIDS, KCSPECTTVFLY 

^t^i^m********^*^** GFNFKAl *****************^^**** ************** 

“<» M ) 0 )*s, 1 / lono. 

C ••'♦K 

l«V(R0)*5,P/ 1000. 

r**** S IS all OTHF.K SIILUTIS IN THF HJPY FLUID 
S»(UO/l0OG. )*V(YO)-N-K-C-U 
i:**** ,M9) IS ThF TuTAL initial solute IN Tor BOOY 

0(7) »N«-K + C ♦ J^S 

V(3A) IS INC VOLUMF that has FLOWED FRf-M STOMACH Tfi 
CT*** intestinf r, ml 

r ***** ************ STOMACH ************************************ 
f /(3A)«o, 

T3-20. 

*<3A«l./T3 

gut **************************************** 

f V(/45>«0. 

Ta«IR. 

KAS-I./TA 

^ ************^1*^** BLOOD ************************************** 

V( 156)»0. 

V ( I 6S ) «0. 

V( 18)=D. 
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V( I 59)«, I 

V( S ) «v( 5U) 

'( 

• ( 1 6 *i ) ■ 0 . 

J(S)»(w(9)*W(Su>/V(vO) 
r,********w^******^ IWltK-iTITUL 
'/C I67)«v). 

M 1 !»?)«.?•»'( Ih? ) 
v'(‘, )«V(6f) 

'*«•«»*«* fEtLb 

»/( 7)»V( n) 

•( •» ) -wC 70 ) /V ( '>0) 

(««*«* 4 CAPlLLAPirS 

r »»» 0 ''o. 

f »^09O, 

’0»k ♦ V ( 3<> ) 

l2-V.0/t«f' 

Pfr»-7. 

» 7 • A 7 . 

0->/( ) 

U«l .7 

, A 

I I . 7 

7 A* I'tO ). 


rLi*II ♦*««♦*««•«**«**«***»****« 


MUi ***t‘*****0**4^tHfl^t********«********i>**** 


.1 » i(jO , 

1.0*. 7 
t-l«2(>. 
L2«90. /u'l 
L3«U7 
L A* , 2 

I •>» /L'' 

'fr«t)70. 
•7xHA 


<b»Mh 

i9»H^ 

Tyr24, ,/. 

r***«4>44i-^4<«*«4i**** ALl)ilb7FPr>N£ »♦♦*♦****** n*****<,***«i***«r*-»**** 
• 1»700'. 

70*170. 

' I =T'' 

T^xTO 

■ l3»/( SM) 


3 « V < ^ ' ) 

*4» (, 7Si)-. 1 <*•')/ ( ro*Tl ♦T2*(ni-an) ) 

A2»G2*f-3*T?/\/( *>i ) 

•7»( l. V.0''5l )*A2/T? 

■*^»,7S'i*V(0o)/^ 

« « *«t« «** KlO"hV «**«*»****b«* 

TBs 180. 

7 s H* T ») 


l«3. 


'2-.<i 

3».a 

»2» I .^) 

V3».3 

•3« . 1 5*0. l3*'i/0( i ) 

■< i« .n*** J. I 3<"</0(‘/ ) 
f 3»N3>K « 

"3.,32^0. ptN/OC'/) 

' 3» ,n3 + 0. 1 ■*'»S/0( V ) 

'( l2*>)»NUK3*f.1^03«^S3 


• 2 * 0 . 
^ 2»N2 
' ' 2 » u 7 
C2«t,2 


S2« .'^3 


STuf'Af H 


r 1(1 30 o"> f lal, 1701 

■'ij 3‘>0^ ‘iTal, 1061 
T« .T 


*** 


r IF (T-Tb) 7230»222''>?2?0 

<*222' V(23)»li)Oo 


F223'' V( l)«\/(23)-V(3<i) 

( • ) ■ (K.\Te/k 3^ )♦ ( 1 .-r XP(-K3<**T ) ) 
IF (T-T^) 2230/2220,2220 
222'- W(3)«V( 3)*V>vr*F.X»’(-K34'»(T-T5) ) 

C «/ ( 1 3<*) = V(3)/T3 

r \/( U)«V(3<,)*V( 13^)*U 




<• V(/, )«V(i4)-V(<,'») 

2 2 3”' V' ( '. ) « (K 3^*«AT£ / (K^*S-F 3'« ) ) ♦( n . / K3<i 1 ♦ ( I .-FXP ( -K 1^.*T ) ) - 

♦ ( l./K<,6)*( 1 ) ) 

IF(T-TS) 2250,22‘‘*0,?2AO 

2 24< y('f )»V('*)>(K3<.*V^.C/(F<,5-K3-^) )*<EXP(-t<34*n-7‘') )- 

* !EXP(-k<.5*(T-T5) ) ) 

r */( KSlaVI^l/T^, 

22^0 V'( mS)*»/(<,)/TH 


f </( '.^)»V(4t*>)*V( U*))*U 

r *«*•«*•«**«***««« aLL»iO •••••♦♦••♦♦♦•t************* 

«/( ! b) • V( U* )4V( )-Vn 5<>)-VUK )4V( 12!))-V< 1 59) 
x'(5)«V<b)^V( 15)*L( 

J(l5)«'(l6*>)-'J(1*>6)-C(1B)^C()2*‘)-W{1b9» 
')(S)«y(5)*^0( I5)*ii 
l(5)»J(5>*lO00./Vt‘») 

r***************** riT»-RSTITIAL ^PACl ♦•♦•♦•v******* 

V( l6)«7nb^O-V( lf>5)-V( 107)-V( lf-2) 

V(^)■V(4)♦V( 

••( 16)« J( )-%'( lu5 )-0( 162 ) 

( * ) «C ( 0> 16 ) *n 

• ( 6 ) ■ )(6 ) *1 0f)0 , / V ( f>) 

•<>*********** CfLLb *♦*•♦♦•♦♦*♦•*****»••*•**•'♦♦ 


f 


«/(l7)»V(l/j7) 

> ( 7)«V(7W''( I7)*'i 

?)• j(7)*ll)no,/Vl7) 
**4«««***«** CAPILLAPIFS 
7('i)«V(5)^V(»»)^v( 7) 

»«r ♦VC)) 
o I » I l*n 
f'2« I 7*1 

'’3«P6>!3*(V(6)-V(6'') ) 
PA«X/V{5) 

IF (P<«-P7) 2790/ 2"00 


279 ’<«<^X2*.i 

2 «0' */( lS6)«I<i*(H-P3-P«*P5)**2/(Pl-P?) 

. ( l65).i<i*()’?-P3-P'**P5)**2/(Pl-P2)*I‘’ 
M166)«|6*(U(5i-l)(»'))/10r0. 

r •«« CPLL-INTEKST I T I AL IMF<<rACF **************** 

v( ib7).j*(r (7)-j(b) )/looo. 


ATm 

'I » ( 1 .-Lf' ) * ( I 2* ( I) J*[)f'/lt*L l-U'^)-L**f XP( !.<•*( I 3-BO*0o/H) ) ) 
•2»L'>*(L2*(L/<b)*Ll-LlP)-L?>*rxP(» <.*(! 3-0(5) )) ) 

IF C«2) 3050/ 3050 


3'>4 ’ 2«0. 

3^’5i IF (*)1) 3i)M). 3070/ 3070 


306 l«U. 

3'»7- 

I^»20, 3^h/2, 

•6»>(6 4 ( ,o-Ob )*')♦<#, '>/T6 
•7*H7^l)(6-t 7)*n*4..n/T6 
<M»H')*(H7-t'a)*0*“*,''/T6 
<9rMA^IrI't-t<9)*0*'«.0/T6 


<9-ti5/ rO)*J 
■'» )5/»/( 5) 

AMGIJFEF sin 


’ l»Ml*( il-U) 

IF (PI) 3316» 332u/ 3320 


331. • l«0. 

332" ''2*f2*(kI-'’2/TO) *U 
'» <2/V( S) 


1 )*i» 

.«'■^/V( s ) 

J*C4( l.O- '«j)*V7*k/V(9) 

A^«A7»( Al-4^/T>)*iJ 

4»4^/V( !>) 

I I s A ^ 

.?iHS* t/V(n )-ui 

IF (M^) 3<* 10# 3<»<»u/ 

3<i 3 • •?«U, 

I'*'*'’ 

Kll)0£V •«***«*****«**4>*«««««« 

n-.i-z/rs 

IF Cl) 1577 

3‘»7'’ 7i»o, 

?‘'J - >/(l<3)»r;i/C 2^h)><.')5'»l,0/(W24H)H-<-Zl)'*W3 

II (V(1H)) i5ft0» 1560 

3* 51 M l n ) ■o, 

3 >(i '2»Yl*( l .04V?* ( l.O-tXM(-Yi*v( IH) ) ) )<i'!»/V(9) 

r 2 2 

■( 1 J ) ■ .7.4K?4f 24 J2*S2 

(H)»;(U)4 0 ( itt)*iooo./iono. 

'2« Yl* ( 1 ,04V?*( 1 .0-fcXI«(-Y3*Vl 18 ) ) ) )*'I/V (9 ) 
( 1 t« ) »" ?4K?4S24j?4r2 
( 0»j( iM)*i'>rio,/v( if') 
fj» I >1 I i*)) 4'j( 182 ) ) / 0( 9) 

.« 14 ( '4l-f.2-I'*Oli ) *•) 

■ »« ♦ ( K ^_K *01 ) *0 

I *1'4 (C 1-C2 )*f) 

<« i4 ( >j H ) * j 

. » ;♦ ( Si-S2-6*un ) *l) 

. ( > ) » < 4K 40 404$ 

'-*««**V«««** )r«*4i«« THIliT L*'T *♦****♦**•***•**•** 

fill { 1 )«V( 3) 

I' ul (?)*(/(<*) 

rui ( i)«v( 5) 

' IjL ( ^ ) ® V ( 6 ) 
f,UL{5)«V( 7) 

( IJL (8 ) *«/ (9) 
f ML ( 7) »V< I •> ) 

Cul (n)»j(6) 
f L'l. ( 9 ) « J ( 6 ) 

CuL( )()'»i)(9) 

Cm ( 1 D»9( 18) 

C ML ( 1 2 ) «H 

CIILI 1 3)«F 
I'.IJL { U ) »r, 
n)L( 15)«A 
( UL ( 16) -N2 
CUL ( 17)«k2 
cm ( 1H)»C2 
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CUl ( 19 ) 4\JI 
CDl 

'’(II (?l 

f UL (7^)«r'(7) 
cut I ?1) .Itj t ) 

H(T-l.) )70;># 70t»5,3700 
3''0‘' 'll 3*>i7 n«i,NnK»-j 

••fAU (*s,^6l0) HUiirtl’R. AlP>«A( IT ),H£TAI 1 I ) 

3^r* • (ifMAn r>,‘.x#2A<*) 

;n TT ( 4hl ) , 3612/ T6I<*» 3^1!)/ 3(»lt/3' 361B/ 3610) , I T 

3611 

3M2 '<C2«,IU’MFk 
3hi ♦ 'C3«iju-<nrn 

361*' B 

361', C' ■iJO'iUK 
3o I 7 ' C 

36 1 I » C6. IU^uEk 
361-> » C »»Nj*'rtEFi 

'U Ti( 3t»2l, 3622# 30’3» 362<* / 362 5# 362'*/ 3h/ 7» Jm2 «/ -'6 20 1 , mi.ih £ ') 

3»21 >BlTr (b»Jfc31) ALPHA( 1 )/3ETA( 1 ) 

'.ri T'1 3 700 

362’ f 1 Tr (^, 3o32 ) IALP"A( I»;)/‘4rTA( 15), 1S«1,2) 

l.ll T'l 4700 

3')2< KITF(6,3673) (AlP'MI IS)/f4rTA( IS)# IS»1#4) 

' .1 T'l ^70u 

36?<; « f TE l.j, 3«)’A ) (ALP'iA( IS)»HPTAC IS)# IS«I#A) 

6,1 T I 4 70o 

3626 -'n n r ( 6, 3i)3s ) (alPha( is)#iirTA( IS)# is*)#*)) 

■ ,ij TM 3 700 

362' .-k ITF (6#3 o1u) (ALPMAC IS)#BFTA( IS)# 1S«1#6) 

.11 TO 3 700 

3627 (kITF(',,3t>‘»7) («LP*IA( I«;)#3rTM IS)# IS»1#7) 

.ij T'l 3 700 

362'' 'KITE ('3,3o-*b) (ALPMA( I«)#orTA( IS)# IS«1#*4) 

6(i 1. 1 MOj 

362') •« I TE (6,3o 39 ) ( AL P'^A ( I S ) # I4F. T A ( I S ) # ir.»l#9) 

3'»31 f bkh^AT I S7x# • T IM£ • 7X, 2AA/ ) 

363^ f-L'3MAT(S0x#'TlME'7x,2AA#frX#2A<,/) 

36 3 « mPMM (<,3x# • T IMt • 7 x,2A4#?(6X#2A<») / ) 

36 3 A Mj'riAT( 36X. • time '7X#?A<.#3(6X#2AA)/ ) 

3„3^ 4 ,j,#MAT ( 29X# • T I • 7 <, 2A4# a (6X# 2Aa ) / ) 

36 3., r;, f*«AT( 22X# • T j ME ' M# 2Aa, M f,X# 2 AA ) / ) 

36 37 FU9^ATIl6X.'Tl*'E'7X,2AA#6(6X#2AA)/) 

363“ ICtBMAM Ax# 'Tl’-^fc '7X,2AA,7 (oX#2AA)/ ) 

3636 ro#rtAT( lx# ' T I I 7X, ?AA#M 6X# 2AA) / ) 

r » 1«T-1 . 

3 7(>' ri,T-l. 

TE (T-(T6-10.)) 3720# 37a(*# 37A0 
372 • 62 . F 1/6!). 

‘ 6a( I 

• U T') 4 750 


r 




37'.'* • ?•» 1/10. 

f 

<•37^ . If «.F/ 

3/«> |f»,,T-Ti 

If i.f 2 

* 3«IF ♦ 

f <i«f «•» 2 

If (f*#! 3» JO » *9''0 

3 on '.ft 'ijwt (.< 

3'’0’ lo»4'*H') f •«»>>(•») *U( i » »V( 1 f» » M »♦) »ft 

3ot)' ml' (I0d.3t'l(n » s. V ( s I ,U( > ) # V (1 8) »» ( ' ) »M 
3 ‘*l I (^» I 5.5 > 

3“JI *»|T» Ifo.CI’L(NCl) 

•U T » ' >i'o 

3«1C • »<TTr. (n.iri2) | » o » C f'L < Nf I ) » f UL ( NC / ) 

ro T" W >0 

3^)« HUF (5/)*'l^) I f o»Cf’L (Nf I ) »CUL INC? ) »C*.L CNC i 1 
11 Tti 4'jno 

3-^( ♦ KMf Ib/JHI/,) If 6.C*'I. INC H>f OL INC/ ) »C t INC 3) »( 111 (»'C<i ) 

»*f1 T 1 » *00 

Kirr lh»3''l*i) I» b.Cf’LlNf I >*fui INC/1 *C L INf 3) .CIIL rx<t 1 . 

• ( liL INC*> ) 

CU T 1 MOj 

S'*!' . P(ir l(>.if>lM 1» ^.CI'L INf I )/fUl l»'C? ) *C LlNC3)#CnHM<«). 
•<■111 INC') .C"! iNf o) 

•"il T'i *'»0v» 

330/ »KITf l5#)oi7) n b.Cf'LlNC I )/f Ul l»'C? 1 »C L I NC 3 1 » t l.L I * f <♦ ) » 

•» Cl riiM.i.' L iNf 0)»Clll l*»C7) 

'■•U T'l 3*00 

3'<<'.. .KiTf If o.CflL INfl 1/f IH INC/ ) *t'L I'lr 31 ,( 111 l»'l ■. ) * 

• f IH.INCM *C' I iNCol^riH INC7) .Cf'Ll Nro) 

.1 Til 1)00 

3».0'' Win lfj/iri=)) If o.Cl'L INC l 1 #fUl INC? ) *C LlNC3)>fULIf C<*» » 

*1 LL nc ' ) .C' L INCC 1 »fUL INC7 ) .c^’l iNf d ) »ClM ISC'l) 

3m j ►||.»m/UI57x, !<., FU./l 

3 m. I I >f U .2 1 

3*<li ‘’ijk’Maruox, i<«. ir 1-../) 

3 ‘I . • lUiMI )/>X, l^.^f I*../! 
i'.l » C-MAT(/Ox, j4i,sMH./) 

3M' • Llt^NAl ( 2/jk. 1 <«»M If./ ) 

3-*l / f n U1AT ( 1 5A . I . 7F1<» ,2 1 
3 *<11 rijt*M,\f( I . «if I <* . 2 ) 

3 ,«in rp.jMAT( i*. I'.,'»f U. 2 l 

3T0'» I’n 'l iNI't 


TABLE 1. POSfllBUE OUTPITTS OBTAINAHLE WTl THIS MODEL 




(|ft means blank space.) 


Ntunber 


Su«tp,ented Heac11n«<B 


(Columns ^ A (Columns 10 thru 17) 


Quantity 

(Units) 


1 

HELLY)5V)^ 

Vol. of water in stomach (ML) 

2 


Vol. of water in Intestines (ML) 

\ 

I'LASMAJftV 

Vol. of water in plassui (MJ.) 

U 

INTEKSbV 

Vol. of water in interstitial space (ML) 

b 

CinJi>l>V 

Vol. of water In cell fluid (ML) 

6 

TOTALhVb 

Total water vol . in abuve 3 (ML) 

7 

l!)f>ML/MIN 

Rate i>r production of \»rinr (ML; MIN) 

8 

riASMA^J 

Total solute in plasma (m Osmols) 

<» 

lOTEKJBl' 

Total solute in interstitial s,)ace (m Osmols) 

10 

ALL^SOL)r> 

Total solute In plasma, interstitial s^ace 
and cells (m Osmols) 

ii 

UbSITRATE 

Rate of priHiucf.on of solutes in urine 
(m Osm(>ls/Min) 

12 

bbbADHM^ 

ADH 

1 1 

bKENINb.il 

rien i n 

1'* 

ANOIOTEN 

Anp.iotens In 

!•> 

ALDOSTFS 

Aldosterone 


bNAbLOSS 

Sodiiun Loss Rate (m Osmols/Min) 

17 

bbK)lL06S 

Putassiiun Is'ss Rate (m Osmols/Min) 

16 

bbCLI^LOSS 

Chloride Loss Rate (m Osmols/Min) 

1'} 

UREAbLOSS 

Urea Loss Rate (m Onmols/Min) 

20 

I’LASMAbo 

Plasma Osmolarlty (m Osmols/Llter 

21 

irrrERSbo 

Interstitial Osmolarlty (m Osmols/Llter) 

22 

CELLbEbO 

Cell Fluid Osmolority (m Osmols/Llter ) 

2i 

URINEbOb 

Urine Osmolarlty (m Osmols/Llter) 


PLASWA OSMOLARITY 



1 







[ 

L. 


4 


I 


FIGURE 1. GENERAL FLOW CHART OF WATER AND ELECTROLYTE BALANCE. 







